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BUILDING AN INTERLOCKING HUMAN FACTORS RESEARCH AND DEVELOPMENT PROGRAM
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Richard Mogford, Ph.D
National Astronautics and Space Administration
Moffet Field, California
The Federal Aviation Administration (FAA) partners with the National Astronautics and Space Administration
(NASA) to manage and integrate research on enhanced air- and ground-based air traffic management technologies.
This partnership, designed to integrate air traffic decision support tools, concepts, and procedures, was formalized in
September 1995. Coordinated research initiatives are described in joint research project descriptions (JRPDs) that
define objectives, approach, responsibilities, mission relevance, goals, and outcomes. JRPD 12 is unique in that, as
a cross-cutting JRPD, it ensures relevant human factors research issues, methods, metrics, and findings of individual
programs of both organizations are made known to, shared, and leveraged by the larger research community
including FAA, NASA, aviation industry and academia. Now, FAA is challenged as never before to integrate
research and development (R&D) capabilities into the National Airspace System. The lessons and challenges
identified by this group are summarized and presented as recommendations for establishing an integrated and
focused human factors R&D program.
Introduction
The Federal Aviation Administration (FAA) and the
National Astronautics and Space Administration
(NASA) have partnered through the Interagency Air
Traffic Management Integrated Product Team
(IAIPT). This partnership, designed to integrate
research addressing air traffic management (ATM)
decision support tools, concepts, and procedures, was
formalized in September 1995. Oversight for IAIPT
activities is provided by the FAA’s Research,
Engineering, and Development (R,E,&D) Advisory
Committee and NASA’s Aeronautics and Space
Transportation Technology Advisory Committee.
The IAIPT is intended to ensure that shared research
provides new technologies, procedures, and concepts
of use for the National Airspace System (NAS).
The FAA is responsible for the installation,
operation, and maintenance of the NAS. Research
organizations such as NASA, MITRE CAASD, and
the Massachusetts Institute of Technology/Lincoln
Laboratories generate technologies and concepts for
the future NAS that are candidates for
implementation. The implementation process often
makes use of commercial vendors that provide the
transition from research prototypes to production
units that can be installed and supported at any
facilities operated by the FAA. It is essential that
there is an open and harmonious line of

communication between the various organizations.
The IAIPT provides a forum for information
exchange and assures that there is a means to share
the vision for the future NAS to meet capacity and
safety goals and smooth the path from research to
acquisition.
The IAIPT manages the pipeline for how maturing
research concepts and prototypes flow into the FAA
acquisition management system. The emphasis is on
the maturation of capabilities from laboratory to field
implementation using a model of Technology
Readiness Levels (TRL) to coordinate objectives,
outputs, and exit criteria for moving from one level to
another. As research proceeds, the TRL model
provides milestones to ensure organizations
increasingly specify the capability. The TRL
paradigm describes an ideal where research is
matched by an orderly transfer process into
implementation. In fact, this migration is not always
adhered to for a variety of reasons. Now more than
ever, as budget cuts and prior obligations complicate
FAA’s ability to incorporate research into NAS
modernization, our efforts and those of our research
partners need to be leveraged.
As our research
partners continue to dedicate resources for air traffic
management research and development (R&D), the
challenge is to ensure that all ATM R&D moves
toward a common vision for the future NAS.
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Discussion
IAIPT research initiatives are described in joint
research project descriptions (JRPDs). JRPD 12
ensures that relevant human factors research issues,
methods, metrics, and findings of individual
programs of both organizations are shared with the
larger research community. Specifically JRPD 12 is
intended to provide “a framework to systematically
identify, coordinate, and integrate human factors
efforts in the research and development of advanced
ATC/ATM/CNS automation, technologies, concepts
and procedures.”
For the past 6 years, human factors practitioners from
FAA, NASA, and various organizations have met to
exchange research findings and lessons learned. This
group generally focuses on specific research topics,
and findings, issues, challenges, and lessons learned
are shared. The exchange is intended to help
researchers avoid the problems of the past and
identify areas where future research could bear fruit.
Technical information meetings are an important way
for IAIPT members to exchange information and
perspectives. Participants discuss the important
contribution of human factors in transitioning
research concepts and products through the R&D
pipeline to acquisition and fielded systems. Meeting
participants have generally agreed that transitioning
research concepts from exploration, development,
and acquisition of fielded systems should be
accompanied by increasingly detailed assessments of
information requirements, display management and
integration, human centered automation, and human
performance assessments that measure workload,
situation awareness, and human error. All agree that
human factors assessments are part of a larger
integrated
system
engineering
perspective
encompassing
operational
concepts,
system
requirements, and system engineering methods.
More recently, discussions have focused on the need to
collaborate earlier in the research cycle to address the
“business case” for changes in the NAS, including an
interagency review of research to provide input on
research intersections and value; and data sharing for
model development and verification. Human factors
practitioners have a role in the Air Traffic Organization
(ATO) as a member of the FAA’s Development Liaison
Team (DLT) to assess the human factors aspects of
proposed new capabilities. Management depends on
human factors input for the business case to establish the
return on investment for each candidate research
capability, assess the likelihood that human performance
will match system demands, and determine that safety
goals will be met.

The DLT performs their assessment by reviewing the
proposed technology as a potential contributor to the
agency’s goals for capacity and safety. The FAA is
acutely concerned about the safety of the NAS;
especially incidents involving the loss of separation
between aircraft caused by human error (i.e.,
operational error), and will scrutinize each proposed
technology to determine if it will affect the level of
safety risk in the NAS. Many technologies attempt to
provide decision support capabilities for air traffic
controllers in an effort to increase capacity by
recommending solutions to traffic problems that
controllers must manage. Other technologies have
the potential to drastically alter the role of the
controller by using automation in various modes. In
each case, the human factors representative on the
team works with System Engineering, Technology
Development, and FAA Technical Center
representatives to provide Air Traffic Organization
(ATO) management with recommendations.
The human factors issues are best assessed when
there is human performance data to work with. The
data helps human factors representatives understand
how the technology will be integrated into the
workstation, how it will affect procedures, and how
the roles and responsibilities of humans in the system
(operators and maintainers) will change. Human
performance data should support the purported
improvements in the NAS for both safety and
capacity. The role of human factors in this context is
to help FAA make informed decisions regarding
investment. Our responsibility is to assess risk and
provide insights regarding the impact of technology
on human error. In addition, we must determine if
the proposal will provide the level of service
expected by the flying public as part of a national
transportation system.
The DLT will work in concert with the IAIPT to
provide guidance to the air traffic research community
regarding the type of data that is needed. As technology
matures through the TRL process, the developing
organizations should be responsible for conducting the
appropriate human factors activities during each stage of
technology development (Krois, Mogford, & Rehmann,
2003).
Once the decision is made to consider
incorporating a technology into the NAS, the FAA’s
Acquisition Management System (AMS) provides the
structure for eventual system procurement.
The JRPD-12 meetings are an opportunity for human
factors researchers and practitioners in all member
organizations to share information and concerns. The
information sharing takes a number of forms including
traditional technical presentations, programmatic
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presentations, guidance for navigating the waters of
research and acquisition during periods of change, and
clarification of goals and objectives that may lose
meaning when organizational lines are crossed.
The latest J-12 Technical Information Meeting (TIM)
covered a range of topics including such provocative
topics as “Air Traffic Controller Staffing and the Age
56 Rule.” Other topics included Safety Management,
En Route Research, NASA’s Air Traffic
Management (ATM) research program to date,
human performance and cognitive modeling.
A portion of the TIM was spent on the human factors
aspects of the transition from a research program,
through acquisition, into the fielding and daily use of a
system. Researchers were provided with an opportunity
to understand the perspective of human factors
practitioners that need human performance data to
address productivity, cost/benefit, staffing, skills,
training, and human error. These human performance
data are needed as essential input to trade-off and
investment analyses that are used to determine if a
system should be allowed to proceed to the next
research level, or to enter the acquisition process.
Personnel and training costs are the largest
contributors to the FAA’s operations budget and as
new technology is introduced, there is a need to
understand how productivity and staffing will be
affected. In addition, the FAA is faced with a large
turnover in the air traffic controller population In the
next ten years. As new controllers are screened,
trained, and assigned to new duties, the FAA needs a
clear understanding of the number and types of
individuals that will be needed to staff the air traffic
system of the future. The human-system integration
aspects of system design for the future NAS is a
subject that requires research and analysis by the
human factors community. While this was briefly
discussed during the TIM, this will possibly be a
topic for further discussion in a future meeting.
In addition to the topics covered, a panel of
experienced human factors practitioners from several
organizations was convened to consider a number of
questions to help guide workshop discussions on the
topic of “building an interlocking human factors
ATM program.” The questions were:
-What are the obstacles to building an interlocking
human factors R&D program?
-What are the benefits?
-How would we proceed?
-What would be the characteristics?
-How would we achieve true collaboration?
-What have we learned from the past?

Obstacles
During the discussion, attendees agreed that
“collaborative” or “interactive” would be a better
term to describe our organizational relationships.
The initial discussion focused on obstacles to
collaboration, such as organizational “stove-piping”
which has hindered our ability to exchange
information. Tight budgets also create competition
for scare research dollars between researchers. And
often, the momentum for collaboration is lost within
2-3 months of our meetings. This is exacerbated by a
lack of ongoing communication between agencies,
and a lack of visibility about research taking place in
other organizations.
Often, there is imperfect
communication between researchers and sponsors. A
lack of success criteria and continuously shifting
priorities of research organizations further complicate
the human factors R&D landscape.
Benefits
The benefits of collaboration are many, including
preventing duplication of efforts and minimizing the
cost of research. Technology is bringing potentially
huge changes in roles and responsibilities for humans
in the NAS. This is increasing, not decreasing, the
need for collaboration. Performance of the NAS
hinges on effective human performance. Moreover,
the future NAS is predicted to need 2 or 3 times the
capacity of the current system. Thus, human factors
researchers will be even more challenged to approach
problems from a human-system perspective and
avoid piecemeal solutions. As safety and security
concerns rise, we must assess the human component
from a risk standpoint for any proposed changes to
the NAS.
How to Proceed
How could a collaborative human factors research
program work? Participants agreed that the FAA
collocation study was a good start to examine the
impact of multiple tools on the controller
workstation. The study assessed the collocation
effects of controller decision support tools that were
developed independently by FAA, NASA, and
MITRE CAASD.
The tools included Traffic
Management Advisor (TMA-NASA), ControllerPilot Data Link (CPDLC-FAA), and User Request
Evaluation Tool (URET-MITRE CAASD).
The
study identified important human factors issues that
were not evident until the tools were expected to
work together at a single controller workstation.
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Several definitive steps were taken after the TIM to
ensure our discussions about collaboration became
reality. Selected FAA human factors experts met with
researchers at MITRE CAASD for a broad review of
programs involving human factors. The teams
discussed potential areas for collaboration and
established specific contacts between organizations
and researchers with intersecting interests. MITRE
CAASD representatives attended a human factors lab
research program review at the FAA Technical
Center Human Factors laboratory soon after the TIM
to discuss potential collaboration on air traffic control
display automation.

capabilities do not; and systematically audit and
inventory current and required laboratories and
facilities, personnel resources, and research capabilities.
Conclusions

FAA and NASA researchers likewise discussed areas
for potential collaboration, including FAA participation
on NASA’s Human Performance and Modeling
advisory committee. FAA researchers attended a
NASA-sponsored
intra-agency
human
factors
symposium to highlight important NASA research.

TIM participants agree that the transition from
research to operational prototypes to development
and fielding is complex and replete with human
factors challenges. Moreover, they agree that FAA
needs to establish an integrated and coordinated
human factors R&D program that focuses on user
needs, avoids duplication of effort, and leverages all
research capabilities including people and
laboratories. It is important to be clear about roles
and responsibilities between researchers and their
organizations. Fortunately, ongoing collaboration, as
evidenced by post-TIM activities, is gaining
momentum.
Collaboration, not competition, is
critical to success.

Findings
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